REPLACEMENT SHEET 



Title: CHANNEL ESTIMATION FOR OFDM COMMUNICATION SYSTEMS 

INCLUDING IEEE 802.11A AND EXTENDED RATE SYSTEMS 
Inventor: Vincent K. Jones IV 

Serial No. 10/823,087 
Docket No. 070903/QUAFP700USA 



1/8 




REPLACEMENT SHEET 



Title: CHANNEL ESTIMATION FOR OFDM COMMUNICATION SYSTEMS 

INCLUDING IEEE 802.11A AND EXTENDED RATE SYSTEMS 
Inventor: Vincent K. Jones IV 

Serial No. 10/823,087 
Docket No. 070903/QUAFP700USA 



2/8 




REPLACEMENT SHEET 



Title: CHANNEL ESTIMATION FOR OFDM COMMUNICATION SYSTEMS 

INCLUDING IEEE 802.11A AND EXTENDED RATE SYSTEMS 
Inventor: Vincent K. Jones IV 

Serial No. 10/823,087 
Docket No. 070903/QUAFP700USA 



3/8 



L2 


= {0 


1 


-1 


-1 


1 


1 


-1 


1 


-1 


1 


-1 


-1 


-1 


-1 


-1 


1 




1 


-1 


-1 


1 


-1 


1 


-1 


1 


1 


1 


1 


-1 


-1 


-1 


1 


-1 




-1 


-1 


1 


1 


1 


1 


1 


1 


-1 


-1 


1 


1 


-1 


1 


-1 


1 




1 


1 


1 


1 


1 


-1 


-1 


1 


1 


-1 


1 


-1 


1 


1 


1 


1} 


L3 


= {0 


1 


-1 


-1 


-1 


-1 


1 


-1 


-1 


1 


-1 


-1 


1 


1 


1 


-1 




1 


-1 


-1 


1 


1 


-1 


1 


-1 


1 


1 


1 


-1 


1 


1 


-1 


1 




-1 


-1 


1 


1 


-1 


-1 


-1 


-1 


-1 


-1 


1 


1 


1 


-1 


1 


-1 




1 


1 


1 


1 


-1 


1 


1 


-1 


1 


-1 


1 


-1 


-1 


-1 


-1 


-1} 



FIG. 4 



START J 



RECEIVE SIGNAL 



i 



501 



TAKE 64-POINT FFT OF RECEIVED 
LONG TRAINING SAMPLES 



i 



MULTIPLY BY KNOWN SEQUENCE 

VALUES L 



i 



TAKE 64-POINT IFFT OF THE RESULT 



I 



ISOLATE IMPULSE RESPONSE FOR 
EACH MIMO TRANSMITTER 



I 



DERIVE CHANNEL ESTIMATES 



FIG. 5 



END 



3 




500 




502 



503 




504 




505 



506 



REPLACEMENT SHEET 



Title: CHANNEL ESTIMATION FOR OFDM COMMUNICATION SYSTEMS 

INCLUDING IEEE 802.11A AND EXTENDED RATE SYSTEMS 
Inventor: Vincent K. Jones IV 

Serial No. 10/823,087 
Docket No. 070903/QUAFP700USA 



4/8 



< 
c>0 




O 





I 



o 

I— I 

W 



P-l 

o 



Oh 

o 



o 

W b 



u 

H 



H 



o 



p-l 



H 

IX, 

O 

H 

D 
PJ 

O 



W 



oq IX, 

< o 

Oh < 

O 1^ 



O 



O 

O 



I 



»3 Ph 



o 

X, 



P-l 
O 
U 




00 

o 



;z) p-l ^ 

ex ^o"^ 

w d ^ 

H 

„ H Ph 
H PQ 

>^ X O 

PQ O o 
-J 

D 




Q 
P-l 



:z; 
< 

H 

O 
O 



o a 

H 

PJ 

l-H 



H-1 

o 



o 



Oh O 



REPLACEMENT SHEET 



Title: 

Inventor: 
Serial No. 
Docket No. 



CHANNEL ESTIMATION FOR OFDM COMMUNICATION SYSTEMS 
INCLUDING IEEE 802.11A AND EXTENDED RATE SYSTEMS 
Vincent K. Jones IV 
10/823,087 

070903/QUAFP700USA 



5/8 



C 



START 

~r~ 



3 



RECEIVE SAMPLES rn[i] OF 
LONG TRAINING SEQUENCE 



I 



AVERAGE CORRESPONDING 
SAMPLES TO s„[i] 



I 



PERFORM FFT ON s„[i] TO OBTAIN SUBCARRIER 

COEFFICIENTS S„[k] 



I 



MULTIPLY BY TRAINING SEQUENCE L[k] TO 



0 



OBTAIN IMPULSE COEFFICIENTS S„[k] 



I 



COMPUTE IFFT OF IMPULSE COEFFICIENTS TO 
OBTAIN CHANNEL IMPULSE RESPONSE h„[i] 



I 



A 



ESTIMATE DC OFFSETS x„ 



I 



CORRECTh„[i] FOR DC OFFSET 



I 



COMPUTE CHANNEL POWER FUNCTION Ph[t] 



I 



ESTIMATE TIMING CORRECTION ^' 



I 



SHIFT IMPULSE RESPONSE ESTIMATES 
AND POWER FUNCTION BY -t' 



I 



DETERMINE CUTOFF TIME t, 



1 



TRUNCATE CHANNEL IMPULSE RESPONSE TO t, 



i 



COMPUTE FINAL CHANNEL ESTIMATES 
BY FFT OF TRUNCATED IMPULSE RESPONSE 



ADJUST CHANNEL ESTIMATES FOR SUBCARRIERS 

NEAR EDGE OF CHANNEL 



FIG. 7 C 



I 



END 



3 



900 



902 



904 



906 



908 



910 



912 



914 



916 



918 



920 



922 



924 



926 



928 



REPLACEMENT SHEET 



Title: 

Inventor: 
Serial No. 
Docket No. 



CHANNEL ESTIMATION FOR OFDM COMMUNICATION SYSTEMS 
INCLUDING IEEE 802.11A AND EXTENDED RATE SYSTEMS 
Vincent K. Jones IV 
10/823,087 

070903/QUAFP700USA 



6/8 



c 



START 



700 



RECEIVE SAMPLES r„ [i] OF 
LONG TRAINING SEQUENCE 



702 




704 



PERFORM FFT ON s„[i] TO OBTAIN 
SUBCARRIER COEFFICIENTS S„[k] 



I 



706 



SPLIT Sn[k] INTO EVEN-k AND 
ODD-k SUBSETS S„„[p] 



I 



708 



MULTIPLY BY TRAINING SEQUENCE 
L[k] TO OBTAIN IMPULSE 
COEFFICIENTS sl[p] 



I 



710 



INTERPOLATE TO OBTAIN 
DC COEFFICIENT s^o [O] 



i 



712 



PERFORM 32-POINT IFFT TO 
OBTAIN CHANNEL IMPULSE 
RESPONSE ESTIMATES h^i^] 



714 



COMPUTE CHANNEL POWER 

FUNCTION P Jt] 



I 



715 



ESTIMATE CHANNEL 
NOISE POWER 



I 



716 



COMPUTE CUTOFF TIME t 



I 



111 



COMPUTE CHANNEL ESTIMATES 



A 



0 



H;„[k], APPLYING CUTOFF TIME 



I 



718 



FIG. 8 ( END ) 



REPLACEMENT SHEET 



Title: 

Inventor: 
Serial No. 
Docket No. 



CHANNEL ESTIMATION FOR OFDM COMMUNICATION SYSTEMS 
INCLUDING IEEE 802.11A AND EXTENDED RATE SYSTEMS 
Vincent K. Jones IV 
10/823,087 

070903/QUAFP700USA 



7/8 

r START ) 




RECEIVE SAMPLES OF 
LONG TRAINING SEQUENCE 



I 



AVERAGE CORRESPONDING SAMPLES TO s„[i] 



I 



PERFORM FFT ON s„[i] TO OBTAIN 
SUBCARRIER COEFFICIENTS S„[k] 



I 



SPLIT S„[k] INTO EVEN-k AND 
ODD-k SUBSETS S„m[p] 



I 



MULTIPLY BY TRAINING SEQUENCE L[k] TO 
OBTAIN IMPULSE COEFFICIENTS sLM 



I 



COMPUTE 32-POINT IFFT OF IMPULSE 
COEFFICIENTS TO OBTAIN CHANNEL 

IMPULSE RESPONSE h„^[i] 



I 



ESTIMATE DC OFFSETS x„ 



I 



CORRECT h„o[i] FOR DC OFFSET 



I 



COMPUTE CHANNEL POWER FUNCTION Ph[t] 



I 



ESTIMATE TIMING CORRECTION t' 



1 



SHIFT IMPULSE RESPONSE ESTIMATES 
AND POWER FUNCTION BY -t ' 



i 



DETERMINE CUTOFF TIME t, 



1000 



COMPUTE FINAL CHANNEL ESTIMATES BY FFT 
OF TRUNCATED IMPULSE RESPONSES 



I 



COMPUTE SIMO CHANNEL VECTOR, IF USEFUL 



FIG. 9 C 



1 



END 



1002 



1004 



1006 



1008 



1010 



1012 



1014 



1016 



1018 



1020 



1022 



.1024 



1026 



1028 



REPLACEMENT SHEET 



Title: CHANNEL ESTIMATION FOR OFDM COMMUNICATION SYSTEMS 

INCLUDING IEEE 802.11A AND EXTENDED RATE SYSTEMS 
Inventor: Vincent K. Jones IV 

Serial No. 10/823,087 
Docket No. 070903/QUAFP700USA 



8/8 



C START 





COMPUTE INITIAL CHANNEL 

ESTIMATE HoM 



I 



RECEIVE SAMPLES r[i] FOR 
A SYMBOL PERIOD 



ESTIMATE TRANSMITTED 
SYMBOLS X[k] 



I 



ESTIMATE CURRENT 
CHANNEL EFFECT Hl[k] 



I 



UPDATE CHANNEL 
ESTIMATES Ho [k] USING CURRENT 
CHANNEL ESTIMATE Hl[k] 



TILA.NSFORM RECEIVED SAMPLES 
TO RECEIVED SYMBOLS R[k] 

\ 



USE UPDATED CHANNEL ESTIMATE 
TO DECODE SUBSEQUENT SYMBOL(S) 




I 



END 




800 



802 



804 



806 



808 



810 



812 



814 



FIG. 10 



